Chemical concentration, temperature, and specific conductance are given in metric units. Chemical concentration is expressed in milligrams per liter (mg/L). Temperature in degrees Celsius (°C) can be converted to degrees Fahrenheit (°F), and vice versa, as follows:°F = (1.8x°C) + 32 °C = (°F-32) x 0.5555 Specific conductance is expressed in microsiemens per centimeter at 25 °C (|o,S/cm). This unit is identical to micromhos per centimeter at 25 °C, formerly used by the U.S. Geological Survey.
Chemical concentration in water is expressed in milligrams per liter (mg/L) or micrograms per liter (M£/L). Chemical concentration in soil or sediment is expressed in milligrams per kilogram (mg/kg). fig. 2 ). The facility is used to train military personnel in fuel-transfer operations including tank storage, pipeline operations, and maintenance. The facility consists of fuel-storage tanks, associated pump stations, and several miles of piping, all of which are above ground. The area also includes a depot area, a railroad-car loading station, simulated-ship transfer station, and several small buildings and shelters.
In April 1989, personnel at Fort Lee discovered the presence of fuel oil in the ground water during excavation at the Petroleum Training Facility and notified the Virginia Water Control Board. In June 1989, the Engineer's Office at Fort Lee contacted the USGS to perform a preliminary investigation of the distribution of fuel-oil constituents in the soil and ground water at the facility. 
Purpose and Scope
This report describes the preliminary investigation of soil and ground-water contamination at the Fort Lee Petroleum Training Facility near Petersburg, Virginia, and identifies possible health and environmental risks arising from contamination at the facility. A description of remedial alternatives is presented from available literature and needs for further studies are identified.
Data were collected during September and October 19$9 from wells installed on the Petroleum Training Facility. Twenty-five ground-water samples were analyzed for purgeable-organic compounds and total petroleum hydrocarbons, and 13 soil samples were analyzed for total petroleum hydrocarbons. Temperaturej dissplved-oxygen concentrations, pH, and specific conductance of ground water were measured in the field.
Previous Studies
A soil-gas study was performed at the Petroleum Training Facility in 1989 (Target Environmental Services, written commun., 1989) . The study identified volatile-organic compounds in the soil gas of the unsaturated zone in widespread and scattered locations throughout the Petroleum Training Facility (fig. 3) . The results of the soil-gas study provided background information for this report, particularly for monitoring-well placement Several reports have been published describing the regional hydrogeologic framework of eastern Virginia (Clark, 1912; Brown and others, 1972; Meng and Harsh, 1988) . However, these reports focus primarily on general stratigraphic relations and water-bearing characteristics of deep regional aquifers. Prior to the initiation of this study, detailed hydrogeologic data were not available for water-bearing formations near the surface in the vicinity of Fort Lee.
GEOGRAPHIC SETTING
The study area is located in Prince George County, Virginia, south of the city of Hopewell and east of the city of Petersburg ( fig. 1 ). The study area is situated in the Virginia part of the Atlantic Coastal Plain physiographic province that extends from Cape Cod, Mass., southward to the Gulf of Mexico.
The Petroleum Training Facility encompasses about 40|acres along the southeastern boundary of Fort Lee. Land surface of the facility is characterized mostly by bare soil, grass, and gravel roads and is sparsely populated with pine trees. La id-surface altitudes in the area range from about 120 to 150 ft (feet) above sea level. Topographic relief is moderate (rolling hills with 20 to 30 ft of relief), and probably reflects, in part, the effect of excavation for the construction of the facility. Surface-water features at the facility consist of shallow manmade ditches (about 2-ft deep) that drain rainfall runoff from the facility, a manmade pond, an unnamed creek to the south of the facility boundary, and the Blackwater Swamp to the east of the facility boundary. The Blackwater Swamp flows east and then south, becoming the Blackwater River. The Blackwajter River converges with the Nottoway River to form the Chowan River, which is a tributary to Albemarle Sound of coastal North Carolina.
DESIGN OF FIELD-STUDY PROGRAM AND SUMMARY OF FIELD WORK
The field-study program was designed as a preliminary investigation of fuel-oil constituents in the shallow ground-water system underlying the Petroleum Training Facility. Monitoring wells were placed on the periphery of the Petroleum Training Facility to determine the quality of ground water flowing from the facility in the near-surface water-table aquifer. Monitoring wells also were placed in the middle of the facility to determine the quality of ground water within the facility and to collect water levels in monitoring wells to estimate ground-water-flow directions. The data collected as part of this preliminary report will be used in designing followup studies that will describe the Vertical and horizontal extent and rate of movement of the contamination.
Time Sequence of Work Performed
The field-study program began in September 1989 with the drilling and installation of monitoring wells at the Petroleum Training Facility. Soils were sampled during well drilling. Monitoring wells were developed October 2-17,1989, and water samples were collected from the wells October [24] [25] [26] 1989 . Level surveys for the altitudes of the wells were conducted October [29] [30] 1989 . Water levels in the wells were measured after well development and before water-sample collection.
Health and Safety Plan
A health and safety plan was established by the Virginia Office of the USGS for work assignments relating to ground-water-contamination investigations. This plan includes safety training for all personnel involved in site investigations, maintainance of an exposure data sheet, periodic medical examinations to monitor accumulation of toxic chemicals in the body, and the wearing of proper field-safety apparel. Field-safety apparel for work performed at the Petroleum Training Facility includes splash-proof coveralls, eye protection, rubber gloves, and air-purifying respirators. Hard hats are required for work near well-drilling equipment.
Quality Assurance for Field and Laboratory Data
The objective of a quality-assurance (QA) program is to design, document, and execute sound and standardized procedures for field sampling, laboratory analysis, and reporting that will provide reliable scientific data for proper interpretation of results. This program presents the acceptable standards that field and laboratory teams must meet before sampling begins. Specific procedures for field-quality assurance for ground-water sampling were designed to check the sampling methods, shipping integrity, and analytical reproducibility of the laboratory. The types of QA samples collected in the field consist of the following:
(1) Duplicate samples from selected wells. Duplicate samples were collected from 10 percent of the total number of wells sampled during the field-study program. Collection and analysis of duplicates tests reproducibility within the laboratory. Duplicate and original water samples from wells were obtained from the same boiler; the laboratory form for the duplicate sample did not indicate that it was a duplicate and did not indicate the relation to the original sample.
(2) Trip blanks. A trip blank was included with every Sample-shipping container in order to ensure that positive analytical results were not caused by cross-contamination within the sample shipping container or by handling prior to analysis. Trip-blank sample bottles contained organic-free deionized water and were filled at the office prior to each day of sampling.
(3^ Ambient-condition blanks. Ambient-condition blanks were collected to identify the effects of atmospheric contaminants or other field conditions that could affect the analytical results. Ambient-condition-blank bottles were filled with organic-free deionized water at the well site.
(4^ Equipment blanks.-Equipment blanks were collected to investigate the possibility of detection of contaminants in ground-water samples that could result from cross contamination by sampling equipment. Equipment-blank bottles were filled with equipment wash water or organic-free deionized water collected after rinsing bailers or sampling hoses.
Monitoring Well Design and Installation
Twenty-five wells were installed in September 1989 to define the location and concentrations of fuel-oil constituents in the ground water. The wells are numbered 1 to 25. Wells were installed using the hollow-stem auger drilling method. Each hollow-stem auger had a 6 7/8-in. (inch) outside diameter and a 4-in. inside diameter. After the first auger flight was advanced, the chuck was unbolted from the auger flight, and a new 5-ft section of auger was added by bolting it to the flight of auger already in the ground. The process of drilling 5 ft and then adding a new 5-ft section was continued until the augers encountered the top of a clay layer observed at this site.
Sediment samples of the unsaturated zone were collected during drilling of the monitoring wells; in addition, a continuous core of the sediments was collected while drilling well number 19 to determine the composition and general stratigraphy of the shallow, unconsolidated sediments underlying the Petroleum Training Facility. Samples were obtained by lowering a hollow-tube sampler on a drill rod through the stem of the augers to the bottom of the hole. A pulley-operated hammer was attached to the rod and the sampler was hammered 2 ft into the sediments. The sampler was then removed, the sample was taken from the sampler, and drilling continued. Samples were visually examined for the type of sediments. Soil samples were placed in glass jars; after allowing the samples to sit for about 5 minutes, the presence of organic vapors in the sediments was qualitatively evaluated using a portable photoionization detector (PID). The samples being sent to the laboratory were chilled immediately after collection.
Wells were constructed by lowering well screen and casing through the center of the augers to the bottom of the borehole; augers then were removed while the well screen and casing remained in place. All of the wells were constructed of 2-in. inside diameter flush-threaded polyvinyl chloride (PVC) well casing ( fig. 4) . Well screens were constructed of flushthreaded PVC with 0.010-in. slots. Screen lengths were designed to place the top of the screened interval above the water table so that fuel-oil product, if present in the aquifer, could flow into the well through the well screen. The bottom of the screened intervals were placed on top of a clay layer that was first identified in well number 1 and then consistently identified in other boreholes by examination of auger cuttings (fig. 4) . The lengths of well screens ranged from 5 to 20 ft. Filter sand was poured slowly into the hole to about 2 ft above the top of the screen. Bentonite pellets were poured into the hole to about 3 ft above the top of the filter sand. Moisture in the ground caused the bentonite to swell, forming a seal. Portland cement was inserted into the hole from the top of the bentonite seal to the land surface. A 6-in. square by 5-ft long metal security casing was installed over each well. Each security casing was set into concrete. Concrete pads (2 ft by 2 ft by 4 in.) were constructed around the security casings. Each well was identified by a well number on a brass plate set into the concrete pad.
After installation of the ground-water monitoring wells, each well was developed by purging 10 to 30 well volumes. Well development withdraws ground water that may have been disturbed or contaminated during drilling from the aquifer near the borehole. Development also improves well yield and reduces turbidity by removing silt from the sand-filter pack surrounding the well screen.
Surveying
Level surveys were conducted for each of the wells located at the Petroleum Training Facility to determine accurate altitudes of measuring-points. Altitudes of measuring points on the wells were determined by surveying from local benchmarks to the wells at the Petroleum Training Facility. Thus, the general direction of ground-water flow could be inferred from altitudes of water levels measured in the monitoring wells.
Sampling Program
Thirteen soil samples were collected from boreholes on the periphery of the Petroleum Training Facility in September 1989 to monitor the possibility of off-site migration of fuel-oil product in the soil. Soil samples were collected at selected well sites from a 2-ft interval above the water table; this interval was the zone most likely to be affected by fuel-oil constituents floating on the water table. Samples were placed in glass jars, chilled, and shipped by overnight express to the laboratory. Soil samples were analyzed for total petroleum hydrocarbons using USEPA method E418.1 (U.S. Environmental Protection Agency, 1983) (table 1). Twenty-five ground-water samples were collected from ground-water monitoring wells in October 1989 to determine if ground water at the Petroleum Training Facility is contaminated with fuel-oil constituents. Measurements of temperature, pH, specific conductance, and dissolved oxygen were performed in the field. Ground-water samples sent to the laboratory were analyzed for total petroleum hydrocarbons using USEPA method 418.1 (U.S. Environmental Protection Agency, 1983) and purgeable-organic compounds using USEPA method 602 (U.S. Environmental Protection Agency, 1984) (table 1).
In this report, reporting limits are the smallest concentrations the laboratory can report for a particular analysis. Detection limits are the minimum concentrations achievable by a laboratory instrument for a particular analytical protocol. Reporting limits are ideally equivalent to detection limits; however, reporting limits are affected by many factors, such as dilution of samples with extremely large concentrations, analytical interferences from target and nontarget parameters, and analytical equipment performance. Minimum reporting limits for analyses of soil and ground-water samples are presented in table 1.
Prior to sampling, the water level in each well was measured to the nearest 0.01 ft, using the surveyed measuring point as the reference. The wells then were purged until a minimum of two to three well volumes (based on borehole diameter) of water were removed. The types of pumps used were (1) a centrifugal pump for wells where the water levels were within 20 ft of land surface; a polyvinyl chloride hose was dedicated to each well to prevent crosscontamination of wells; and (2) a positive displacement, air-driven, stainless-steel pump for wells where water levels were deeper than 20 ft below lartd surface; this pump was washed with detergent and water and rinsed with tap water after each u se. If fuel oil was observed on the steel water-level-measuring tape, the thickness of the oil in the well was measured using an electric oil-water interface probe; these wells were not purged or sampled because the presence of fuel oil in the well confirmed contamination.
Ground-water samples were collected with 3-ft long, 2-in. outside diameter polyethylene bailers dedicated to each well to prevent possible cross contamination between wells. Water samples were collected from the upper 5 ft of water in the well. For analysis of purgeableorganic compounds, the samples were placed in 40-milliliter Teflon-septum vials, preserved with concentrated hydrochloric acid to about a pH of 2 to prevent degradation of target constituents by biodegradation, and immediately chilled on ice. For total petroleum hydrocarbon compounds in ground water, samples were placed in 1-liter glass bottles and preserved with concentrated sulfuric acid to about a pH o£ 2, and immediately chilled on ice. For total petroleum hydrocarbon compounds in soil, samples were collected in a hollow-tube sampler and then placed in 1-liter glass bottles and immediately chilled on ice. Samples collected each day were stored in ice-filled coolers, provided with a chain-of-custody form, and forwarded by overnight delivery to the laboratory, i
Field measurements of ground-water temperature, pH, dissolved oxygen, and specific conductance were made at each sampling site. The concentration of dissolved oxygen in the ground water was measured in wells by lowering a probe to the bottom of the wells and raising and lowering the probe to maintain an adequate movement of water across the probe membrane. Temperature was measured with thermometers accurate t^> 0.5 °C (degrees Celsius) in the range of 0 to 40 °C. Meters used to measure dissolved oxygen ^jvere calibrated every day using a probe-calibration chamber, barometer, and a barometric-pressure dissolved-oxygen chart. Meters used to measure pH were calibrated every day using a two-buffer calibration that bracketed the range of expected pH. Specific-conductance measurements were made with meters that had been checked using standards. Meter performance is checked |>y periodically calibrating the instruments to standard-reference water samples provided by the Quality Control Section of the USGS National Water-Quality Laboratory in Denver, Colorado. Notebooks kept with each meter show the daily calibrations, indicating changes in the instrument's performance.
'Use of brand/trade names in this report is for identification purposes only and does not constitute endorsement by the U.S. Geological Survey.
SITE DESCRIPTION History of Release and Characteristics of Contaminants
Little information is available regarding the history of release of the contaminants at the Petroleum Training Facility. Most of the contaminant releases at the Petroleum Training Facility resulted from leaking oil-storage tanks and transfer lines. Fuel oil may have leaked slowly from temporary oil-storage tanks; some of the tanks that have an expected life of a few years were assembled at the Petroleum Training Facility in the 1950's and are still in use. Some contaminant releases were accidental spills; some releases presumably involved spills of thousands of gallons of fuel oil (S. Holsinger, Fort Lee Environmental Engineering, oral commun., 1989).
The fuel-oil constituents of concern for contamination at the Petroleum Training Facility arc those of no. 2 fuel oil or diesel fuel, and are comprised of petroleum-based hydrocarbons. Petroleum hydrocarbons are a complex mixture of hydrocarbons that have a wide range of physical and chemical properties. When petroleum hydrocarbons come into contact with water, the more soluble components of the oil dissolve into the water. The less soluble components tend to float on the water table. Benzene is one of the most soluble of the hydrocarbons; toluene, ethyl benzene, and xylene arc also hydrocarbons that dissolve into water. These soluble hydrocarbons benzene, toluene, ethyl benzene, and xylene or BTEXs are known as purgeable-organic compounds.
Fuel-oil contaminants in ground water at the Petroleum Training Facility can be altered by geochemical and natural microbiological processes in the hydrogeologic regime. The rates of chemical alteration or degradation depend on the concentrations of dissolved oxygen in the contaminated ground water. The degradation of dissolved fuel-oil constituents in ground water also may occur in an anaerobic and reducing geochemical environment if the proper minerals or nutrients are available (Cozzarelli and others, 1989, p. 22) . Baedecker and others (1989) suggest that the reduction of iron and manganese is an important mechanism for decomposition of organic matter in aquifers. Resulting metabolites or products of degradation of the organic contaminants in a reducing environment may consist of organic acids and dissolved alkylbenzenes (Cozzarelli and others, 1989, p. 25) .
Some hydrocarbon molecules of petroleum hydrocarbons may endure for long periods of time in natural ecosystems because they are degraded very slowly or not at all (Alexander, 1980, p. 136) . Molecules of these chemicals are known as recalcitrant molecules. A compound that is not readily destroyed in a hydrogeologic system can be transported for considerable distances from the source. Furthermore, recalcitrant molecules are more difficult to remove from a hydrogeologic system by remediation measures. Some constituents of fuel-oil contaminants in ground water at the Petroleum Training Facility can endure in the hydrogeologic system for long periods of time, can be transported great distances from the source(s), and may resist remediation measures to extract or biologically degrade the contamination.
Hydrogeology Hydrogeologic Framework
The Coastal Plain physiographic province of Virginia consists of an eastward-thickening sedimentary wedge composed principally of unconsolidated gravel, sand, silt, and clay, with variable amounts of shells (Meng and Harsh, 1988, p. 6 ). The regional hydrogeologic framework of the Virginia Coastal Plain includes numerous aquifers and confining units and typically consists of an uppermost unconfined aquifer underlain by confined aquifers and intervening confining units, attaining a maximum thickness of about 6,000 ft below land surface beneath the Delmarva Peninsula of easternmost Virginia. The unconfined aquifers, such as the near-surface water-table aquifer at the Petroleum Training Facility, are arcally discontinuous because of stream erosion, contain interlayered sand and clay strata, and are used for light industrial or domestic ground-water supply. The unconfined aquifers are not a significant regional source for public ground-water supplies (Meng and Harsh, 1988) . The underlying confined aquifers are laterally continuous and are sources of water for numerous ground-water users in the Coastal Plain province.
Generally, the sediments underlying the study area are Composed of fine-to medium-grained sand interbedded with clay. The thicknesses of the clay and sand units differ arcally. Brown and others (1972) present two well logs representing the Stratigraphy and lithology of an area east of Fort Lee (fig. 5) ; the locations of these wells (VAiPG-P3 and VA-PG-T8) are shown in figure 1 . The stratigraphy and lithology of the sediments underlying Fort Lee are probably similar to those shown in figure 5 ; however, additional investigations and drilling of deeper wells at Fort Lee are needed.
Samples of the unconsolidated sediments underlying the Petroleum Training Facility were collected during the drilling and installation of monitoring well number 19. A generalized stratigraphic column showing the composition of these sediments is shown in figure 4 . Heterogeneous conditions of the sediments (or interlaying and interbedding of sand, silt, and clay of various grain sizes) were also indicated during installation of other monitoring wells at the facility; therefore, the geologic conditions presented in this column are probably not consistent throughout the Petroleum Training Facility.
A clay layer was identified at depths ranging from 15 to 35 ft below land surface underlying the Petroleum Training Facility. TTbe first well drilled and installed (well number 1) penetrated this clay layer at about 30 ft below land surface; this clay layer is approximately 5-ft thick. The clay layer was identified in subsequent boreholes by examination of drill cuttings on the end of the auger-drill bit. This is probably the same clay layer shown at the base of the stratigraphic column for well number 19 (fig. 4 ).
Ground-Water Hydrology i Water-level data were collected on October [24] [25] [26] 1989 , and are shown in figure 6 as water-level altitudes referenced to sea level. From the water-level altitudes, the inferred direction of ground-water flow at the Petroleum Training Facility is generally to the east and southeast ( fig. 6 ). Depths to water in the wells generally ranged from about 3 to 9 ft below land surface along the northern edge of the study site (wefo numbers 13 to 18, fig. 2 ) and ranged from about 10 to 15 ft below land surface along tlje southern edge of the site (well numbers 2 to 7, fig. 2 ). j
The water-level measurement from well number 1 is n^t included in the water-level map because the clay layer that underlies the Petroleum Training Facility was penetrated during drilling of this well; therefore, well number 1 is probably open to a different, deeper ground-water system. The water level in well number 1 was approximately 114 ft above sea level when measured on October 24,1989, which was about 10 ft lower than water levels in nearby wells finished above the clay layer. This indicates a downward hydraulic gradient between the aquifer above the clay layer and the aquifer below the clay layer; thus, the day layer acts as a confining unit that impedes, but probably does not prevent, the vertical movement of ground water and contaminants. Ground-water velocity (or the rate of ground-water flow) could not be estimated using the limited field data available for the Petroleum Training Facility. Aquifer tests required to determine hydraulic conductivity, an important variable in the velocity equation, were beyond the scope of this report. However, visual observations of the sediments comprising the aquifer above the clay layer indicate that the overall hydraulic conductivity of the aquifer is probably low and differs areally because of the numerous clay layers and sand interlayered with clays comprising the near-surface sediments.
INFERRED DIRECTION OF GROUND-WATER FLOW FUEL-OIL STORAGE TANK

GROUND-WATER MONITORING WELL AND WATER LEVEL IN FEET ABOVE SEA LEVEL
The configuration of the water table implies that the unnamed tributary to the south of the facility and the Blackwater Swamp to the east of the facility are probably ground-water discharge zones. Additional wells and ground-water data are needed to verify this assumption. The effects of the manmade pond on the ground-water system are undetermined.
SOIL AND GROUND-WATER CONTAMINATION
Soil
Samples of unconsolidated sediments were collected in September 1989 from selected boreholes on the periphery of the Petroleum Training Facility and were analyzed for total petroleum hydrocarbon concentrations to determine the potential for off-site migration of fuel-oil contamination (table 2). Soil samples were collected from a 2-ft interval above the water table; this interval was the zone most likely to be affected by fuel-oil constituents floating on the water table. Concentrations of total petroleum hydrocarbons in the soil samples were as large as 18,400 mg/kg (milligrams per kilogram) along the northern and eastern sides of the facility ( fig. 7) , 4,470 mg/Tcg along the western boundary, and were as large as 810 mg/kg along the southern boundary ( fig. 7) . Distribution of soil contamination was scattered; locations and concentrations of soil contamination did not necessarily correlate with locations of known ground-water contamination. Two soil samples were collected at well number 7 (table 2) . One soil sample was collected from 4 to 6 ft below land surface because of discolorations observed in the sediments during drilling; concentrations of total petroleum hydrocarbons in this sample were 250 mg/kg. Another soil sample was collected from 8 to 10 ft below land surface, immediately above the water table; concentrations of total petroleum hydrocarbons in this sample were below reporting limits.
Ground Water
In October 1989, ground-water samples were collected from the ground-water monitoring wells at the Petroleum Training Facility. Field measurements were performed and samples were analyzed for total petroleum hydrocarbons and purgeable-organic compounds (tables 3 and 4). Concentrations of total petroleum hydrocarbons in the ground-water samples ranged from below reporting limits (BRL) to the 1.0 mg/L (milligram per liter) reporting limit. Concentrations of benzene in water from the wells at the Petroleum Training Facility ranged from BRL to 130 |ig/L (micrograms per liter); ethylbenzene concentrations ranged from BRL to 54 |ig/L; xylene concentrations ranged from BRL to 120 |ig/L. Concentrations of toluene were below reporting limits in water from all of the wells. Total BTEXs (or the sum, in micrograms per liter, of concentrations of each of the individual compounds-benzene, toluene, ethylbenzene, and xylene) in water from wells at the Petroleum Training Facility indicate the areas where the greatest ground-water contamination occurs. Total BTEXs in water from wells ranged from BRL to 187 |ig/L; the largest concentrations were not localized in one particular location ( fig. 8 ). Detectable concentrations of total BTEXs were reported in water frorti wells located along the southern boundary of the facility and in the center of the facility ( fig. 8) . If the dissolved constituents of the fuel-oil contaminants are assumed to be mobile in the hydrogeologic regime at the facility, the contamination probably follows the general direction of ground-water movement indicated in figure 6 .
Results of analyses of water from wells at the Petroleuiji Training Facility indicate that benzene concentrations exceed the maximum contaminant level (MCL) of 5 |ig/L established by the USEPA for drinking water (U.S. Environmental Protectioh Agency, 1986) ( fig. 9 ). The greatest concentration of benzene in water was 130 |ig/L from well number 19 ( fig. 9) . Concentrations of toluene, ethylbenzene, and xylene in water from wells at the facility were below the USEPA's suggested limits of 2,000,700, and 10,000 ^g/t, respectively (U.S. Environmental Protection Agency, 1986), and are not provided on the maps. Training Facility during the sampling round on October 24-26,1989; thus, these wells were not sampled. Large concentrations of petroleum hydrocarbons (18,400 mg/kg) were reported in a soil sample collected above the water table at well number 13 ( fig. 7 ).
Quality-assurance samples were collected and analyzed to ensure that the analytical results represented the actual levels of contamination in water from the wells at the facility and not sampling errors, laboratory errors, atmospheric-background concentrations of constituents, or cross-contamination between sample bottles during shipment. Results from the quality-assurance program for the October 1989 sampling are shown in table 5. These data indicate no inconsistencies or problems with the water collection, laboratory, handling, or shipping procedures. The ground-water contamination at the Petroleum Training Facility is areally widespread and the sources of contamination are not readily apparent for isolation and remediation. The locations and concentrations of fuel-oil contaminants in the ground water do not necessarily correlate with locations and concentrations of soil contamination. Although the contamination has resulted from a number of isolated spills and incidents, the timing and locations of these spills are not documented.
RISK IDENTIFICATION
The purpose of risk identification is to determine the likelihood of negative effects of exposure to hazardous chemical constituents identified at a site on human or wildlife populations. A prerequisite for identifying risk to potential receptors is the complete characterization of the types and extent of hazardous chemicals at the site. Once the extent of contamination has been characterized, the health threats to potential receptors can be assessed and remedial measures can be designed to prevent exposure and to ameliorate the contamination. At the Petroleum Training Facility, the distribution and directions of movement of the fuel-oil constituents have not been fully characterized; therefore, risk identification cannot be fully documented. However, in the following paragraphs, the site problems and toxicity data are presented for the chemical constituents identified at the Petroleum Training Facility.
The site problems at the Petroleum Training Facility include (1) fuel-oil constituents that could migrate vertically or horizontally to ground-water sources outside of the facility, (2) fuel-oil constituents that migrate to and contaminate surface-water sources, and (3) fueloil constituents in the soil.
The chemical constituents of concern in soils and ground water at the Petroleum Training Facility are benzene, ethylbenzene, xylene, and total petroleum hydrocarbons. Sax and Lewis (1989) qualitatively characterize the toxicity of these constituents of concern (table 6). Benzene is moderately toxic by ingestion, a human poison by inhalation, and a poison by dermal contact; it also is a carcinogen, tumorigen, and reproductive mutagen. Ethyl benzene is moderately toxic by ingestion and mildly toxic by inhalation and dermal contact. Xylene is mildly toxic by ingestion, inhalation, and dermal contact, as well as being teratogens. Total petroleum hydrocarbons are toxic by ingestion, possible carcinogens, and possible tumorigens by dermal contact. Waste-release mechanisms for the chemical constituent|s of concern can be described by chemical characteristics of water solubility, volatility, anc^ soil-adsorption potential (table 7) . Benzene has a relatively high solubility and, therefore, can be released into the ground water through mixing processes. Benzene also is volatile and can volatilize into the atmosphere through the unsaturated zone. The relative mobility of benzene, also indicated by the low soil-adsorption potential, is greater than the mobility of other BTEX compounds. For this report, the maximum contaminant levels (MCLs)1 and proposed maximum contaminant level goals (MCLGs)2 defined for the contaminants detected are used as applicable standards for the assessment of the degree of contamination. Maximum contaminant limits, as defined by the USEPA, represent exposure concentrations that would be allowable for a lifetime of exposure to specific chemicals (U.S. Environmental Protection Agency, 1986). The MCLs and MCLGs for the chemical constituents of concern at the Petroleum Training Facility are shown in table 8. Benzene is the only constituent in the ground water at the Petroleum Training Facility that exceeds USEPA regulations. For instance, the concentration of benzene in water from well number 24 is more than 26 times the MCL, and concentrations of benzene in water from the wells along the southwestern boundary of the facility exceed the MCL by as much as a factor of 5. Risk to potential receptors is assumed when concentrations exceed MCLs and remedial actions to reduce the risk of exposure to benzene are appropriate; however, sufficient data are not available to assess the levels of risk to potential receptors downgradient from the existing ground-water monitoring wells. Sufficient data are not available to address risk to wildlife populations at the facility. Ground water from the Petroleum Training Facility probibly discharges through seeps and springs into the Blackwater Swamp and its tributaries. If the contaminated ground water identified at the facility migrates as far as these discharge points, aquatic fauna in the swamp could be exposed to the contaminants.
PRELIMINARY REMEDIAL ALTERNATIVES
Sufficient data are not available to completely characterize ground-water contamination at the Petroleum Training Facility or to fully screen or develop the alternative remedial actions. Uncertainties such as the sources, vertical and horizontal extent and magnitude of contamination, volume of soil affected, and the human arid environmental risk associated with the contamination at the facility preclude a detailed design of remedial alternatives. Because of the preliminary nature of this report and the need for additional data, general response actions that present possible situations for future remedial actions are discussed below, and a preliminary screening of applicable remedial technologies is presented (table 9).
The no action general response represents the situation if remedial actions are not taken; this response could include, at a minimum, continued monitoring. This response is considered through the entire selection process to help judge the feasibility of remedial actions compared to the no action response. Because fuel-oil product is present in two wells at the Petroleum Training Facility, the no-action response is probably inappropriate.
The monitoring general response is designed to detect the presence or change in the magnitude of contamination, either through space or time. Although this action has no remedial effect on the extent or magnitude of contamination, it is useful to record and document conditions to more fully characterize the nature of the contamination. Monitoring generally coincides with any of the selected remedial alternatives to assess the effectiveness of the remediation. Continued monitoring at the Petroleum Training Facility includes installation and sampling of additional ground-water monitoring wells, sampling of privately owned wells in the area of the Petroleum Training Facility, and stream-water sampling.
The institutional controls general response limits or eliminates access to or use of the site or its resources. Although this action has no effect on the extent or magnitude of contamination, it reduces exposure to the human population. This general response action is most commonly used when the contamination is widespread and difficult to remove or alter to a less hazardous form.
The removal general response involves the physical removal of the contaminated media through collection and extraction procedures for ground-water contaminants and excavation and removal of contaminated soils. Removal actions are typically followed by treatment and disposal once the waste is removed. Removal of contaminants from the Petroleum Training Facility can involve several methods. These include (1) subsurface drains to intercept and withdraw fuel-oil product, (2) ground-water pumping from subsurface drains or extraction wells, (3) soil-gas recovery to remove purgeable-organic compounds from the unsaturated zone and possibly from the saturated zone, and (4) because of the persistency of purgeable-organic hydrocarbons in the hydrogeologic environment, enhanced removal of fuel-oil constituents by steam extraction (U.S. Environmental Protection Agency, 1985) .
The treatment general response is designed to remove contaminants from particular media to reduce the media's toxicity and to render the environment safe for human and wildlife populations. The treatment can occur in-situ or the material can be removed prior to treatment. The type of treatment selected depends on the characteristics of the contaminants and the volume of the waste. Treatment processes commonly generate a residue of waste by-product, which also may require treatment or disposal. Potential treatment methodology for contaminated ground water extracted from wells or subsurface drains at the Petroleum Training Facility include air-stripping and carbon filtration. In-situ bioremediation is a remedial technique that has shown promise in reducing contaminant concentrations in soil and ground water (Suflita, 1989, p. 85) and could apply for remediation of the Petroleum Training Facility. Site-specific hydrogeologic conditions could limit selection of the remedial alternatives; however, further discussions on these limitations are beyond the scope of this report. 25
SUMMARY AND CONCLUSIONS
In April 1989, the presence of fuel oil was observed in ^he ground water that infiltrated an excavation trench at the Petroleum Training Facility at Fort Lee, Virginia. Some of the releases were accidental spills, but most of the contaminant releases at the Petroleum Training Facility resulted from leaking oil-storage tanks and transfer lines. Ground-water monitoring wells were placed on the periphery of the site to determine the quality of ground water flowing out of the site from within the facility boundary. Wells also were installed in the interior of the facility to locate the sources of contamination and to determine the concentrations of contaminants within the facility. The field-study program was designed as a preliminary investigation of shallow zones of soU and ground-water contamination; therefore, additional detailed studies are needed to describe fully the vertical and horizontal extent and rate of movement of the contamination.
The Petroleum Training Facility and surrounding area e ncompasses about 40 acres and is underlain by unconsolidated deposits of the Coastal Plain physiographic province of Virginia. Monitoring wells were drilled and installed by the hollow^stem augering method to depths ranging from 20 to 35 ft below land surface; wells were constructed of 2-in. diameter flush-threaded PVC casing. Geologic data were collected the lithology of the shallow stratum consists of fine-to medium-grained sand and clay, the thicknesses of which differ areally depending upon the de positional and erosional history of the area. Additional geologic data are needed to adequate framework at the facility. during the installation of the wells; y describe the hydrogeologic
The generalized direction of ground-water flow at the Petroleum Training Facility, inferred from water-level data collected October 1989, is to the east and southeast from the facility. Data are not available to estimate the rate of ground-water flow at the facility. The Blackwater Swamp and its tributaries are probable hydrologic boundaries and discharge areas for ground water flowing away from the facility.
Soil samples were collected in boreholes within 2 ft above the water table at 13 locations around the periphery of the facility. Laboratory analyses <i>f the soil samples indicate total petroleum concentrations ranging from below reporting limits (BRL) to 18,400 mg/kg, and were as large as 810 mg/kg along the southern boundary of the facility.
Ground-water contamination at the facility is scattered and widespread and the source areas of the contamination are not readily discernable. Laboratory analyses of ground-water samples, which were collected from wells at the Petroleum Training Facility during October 1989, indicate concentrations of total petroleum hydrocarbons ranging from BRL to 1 mg/L. Concentrations of benzene, ethylbenzene, and xylene ranged from BRL to 130,54, and 120 |ig/L, respectively. Concentrations of toluene were below reporting limits in water from all of the wells. Free-floating fuel oil was observed in two monitoring wells at the facility.
Risk identification at the Petroleum Training Facility cadnot be properly addressed because the extent and types of contamination have not been fully characterized. However, an examination of toxicity data for the chemical constituents identified in the ground water (benzene, ethylbenzene, and xylene) indicates that benzent concentrations are as much as 26 times the USEPA MCL. Benzene has relatively high potential and migration within a hydrogeological regime and, therefore, is more mobile than the other compounds reported.
Sufficient data are not available to design fully the remedial-action plan for the site. Uncertainties such as the sources, vertical and horizontal extent and magnitude of the contamination, volume of soil effected, and the human and environmental risk associated with exposure to contamination at the facility preclude a detailed design of remedial alternatives. However, general responses to contamination of the type associated with the facility include no action, monitoring, institutional controls, removal, and treatment. Casing material P P P P P P P P P P P P P P P P P P P P P P P P P Diameter of casing (in .)   2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2 
